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(57) ABSTRACT

The present invention relates to an inspection apparatus, the
inspection apparatus including a projection unit configured
to project a plurality of lights, each having a different focal
length relative to a surface of an inspection object, and an
inspection unit configured to inspect a surface of an inspec-
tion object using the light reflected from the inspection
object, wherein the projection unit is provided with a plu-
rality of lenses configured to project the lights, and curvature
of each lens is different, and the focal length is different due
to the difference of the curvature, whereby the curve on a
surface of the inspection object can be reliably measured.

4 Claims, 5 Drawing Sheets
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APPARATUS FOR INSPECTING

FIELD

The present invention relates to an apparatus for inspect-
ing configured to inspect a curve on a surface of samples as
inspection objects.

BACKGROUND

When curves or bends existing on the surfaces of samples
such as semiconductor wafers, electronic substrates and
steel plates have any effects on the properties of products,
there is a need to measure the curves or the bends of relevant
products.

For example, when laser beam is projected on a sample as
an inspection object, using a laser distance measurement
sensor, and a distance between the measurement sensor and
the object is measured by receiving a laser beam reflected
from the object, and if the measured distance is constant, it
may be determined that the object is flat.

However, when the laser distance measurement sensor is
used, there is a disadvantage in that it is very expensive to
install the laser distance measurement sensor, and a control
is required to move the laser distance measurement sensor
for application to a broader scope.

Another disadvantage is that inspection time is length-
ened, because a small number of laser distance measurement
sensors are used to inspect an object. As a conventional
apparatus for inspecting a surface of an object, Korea
Registered Patent Publication No.: 0564323 is disclosed
with a technique to measure a bend generated on an object,
using a laser distance measurement sensor. However, the
Korea Registered Patent Publication No.: 0564323 is still
fraught with the limitations possessed by the laser distance
measurement sensor.

PRIOR ART
Patent Document

(Patent Document 1): Korea Registered Patent Publication
No.: 0564323

DISCLOSURE
Subjects

The present invention is to provide an apparatus for
inspecting (hereinafter referred to as ‘inspection apparatus’)
configured to reliably measure curves existing on a surface
of an object and to measure the curves at a high speed.

It should be emphasized, however, that the present dis-
closure is not limited to a particular disclosure, as explained
above. It should be understood that other technical subjects
not mentioned herein may be appreciated by those skilled in
the art.

Solution

In one general aspect of the present invention, there is
provided an inspection apparatus, the inspection apparatus
comprising:

aprojection unit configured to project a plurality of lights,
each having a different focal length relative to a surface of
an inspection object; and an inspection unit configured to
inspect a surface of an inspection object using the light
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reflected from the inspection object, wherein the projection
unit may be provided with a plurality of lenses configured to
project the lights, and curvature of each lens may be
different, and the focal length may be differentiated by the
difference of the curvature.

Preferably, but not necessarily, each lens may be arranged
on an Xy plane when the inspection object moves to an x
axial direction on the xy plane, the curvature of each lens
may be different according to an x axial direction on the
arrangement of each lens, and the focal length may be
differentiated by difference of curvature.

Furthermore, the inspection unit may grasp a focal length
of a focus as a distance from the inspection object, when a
focus of the light projected from the projection unit matches
a surface of the inspection object, and may determine the
curve of the surface of the inspection object using the
grasped distance.

Preferably, but not necessarily, the projection unit
includes a light source configured to generate a light, and an
MLA (Micro Lens Array) of first region formed with a
plurality of lenses configured to generate a focus of the light,
wherein the projection unit includes an extension unit con-
figured to expand the light outputted from the MLA to a
second region greater than the first region on a plane, and
wherein the extension lens unit may include a telecentric
lens.

In another general aspect of the present invention, there is
provided an inspection apparatus, the inspection apparatus
comprising:

a light source unit configured to generate lights of same
wavelength;

a first lens unit configured to convert an optical path of
light radially projected from the light source to a straight
line; and

a second lens unit provided with a plurality of lenses
configured to form a focus of the light outputted from the
first lens unit and to relatively move to an x axis relative to
an inspection object arranged on a first xy plane, wherein a
curvature of each lens of the second lens unit may be
different and a focal length may be differentiated by the
difference of the curvature.

Preferably, but not necessarily, the second lens may be
arranged a second xy plane having a different z value from
that of the first xy plane in a xyz space, and may include a
path conversion unit configured to convert a path of light
outputted from the first lens to a direction perpendicular to
the second xy plane and project the path of light to the
second lens unit, wherein the inspection apparatus may
further include an inspection unit configured to grasp a
distance between the second lens and a surface of the
inspection object, and the path conversion unit may project
a reflective light to the inspection unit by receiving the
reflective light.

Preferably, but not necessarily, the inspection apparatus
further comprises a third lens unit arranged between the
second lens unit and the inspection object to increase a
distance of each focus formed by the second lens unit on the
xy plane.

In still another general aspect of the present invention,
there is provided an inspection apparatus, the inspection
apparatus comprising a lens unit where light incident to a
first surface is outputted to a second surface, and at least one
of the first and second surfaces may be formed with a
plurality of lenses each having a different curvature.

Advantageous Effect

The inspection apparatus according to the present inven-
tion has an advantageous effect in that a plurality of focuses
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each having a different focus length can be formed using a
plurality of lenses each having a different curvature, and a
curve on a surface of an inspection object can be reliably
measured at a high speed, using each focal length.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating an inspection
apparatus according to the present invention.

FIG. 2 is a schematic view illustrating a projection unit
forming an inspection apparatus according to the present
invention.

FIG. 3 is a schematic view illustrating another projection
unit forming an inspection unit according to the present
invention.

FIG. 4 is a schematic view illustrating another inspection
apparatus according to the present invention.

FIG. 5 is a schematic view illustrating an area of light
projected to an inspection object by an inspection apparatus
according to the present invention.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present dis-
closure will be described in detail with reference to the
accompanying drawings. In the drawings, the size and
relative sizes of layers, regions and/or other elements may be
exaggerated or reduced for clarity and convenience.

Accordingly, the meaning of specific terms or words used
in the specification and claims should not be limited to the
literal or commonly employed sense, but should be con-
strued or may be different in accordance with the intention
of'auser or an operator and customary usages. Therefore, the
definition of the specific terms or words should be based on
the contents across the specification.

FIG. 1 is a schematic view illustrating an inspection
apparatus according to the present invention.

The inspection apparatus according to the present inven-
tion illustrated in FIG. 1 may include a projection unit (100)
and an inspection unit (200).

The projection unit (100) may project a plurality of lights
each having a different focal length relative to a surface of
an inspection object (300).

The inspection object (300) is an object on which the
plurality of lights outputted from the projection unit (100) is
projected, and an object that may have an effect on physical
properties of surfaces of objects such as semiconductor
wafers, electronic substrates and steel plates.

The inspection apparatus according to the present inven-
tion uses lights in order to inspect curves or bends existing
on the surfaces of the inspection object (300). At this time,
the lights may be lights having various wavelengths or
having a single wavelength. It may be advantageous to use
a light of single wavelength for formation of a reliable focus.

The projection unit (100) may form a focus to a direction
facing the inspection object (300) using a lens instead of
simply projecting a light on a surface of the inspection
object. At this time, a plurality of focuses may be formed
where each focus length of the focuses may be mutually
different. The projection unit (100) may use a curvature of
a lens (151) in order to project a plurality of lights, each
having a different focal length.

The focus is a point that determines an optical property of
the lens (151). The light parallel incident on an optical axis
passes a point which is V2 of a radius of curvature, where the
point is a focus. A focal length is a distance between a focus
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and a main point of the lens (151), where the focal length
increases as the focus is formed at an area distant from the
lens (151).

Furthermore, the focus is distantly formed as the radius of
curvature increases. The curvature is reversely proportionate
to the radius of curvature, where as the curvature increases,
the focus is formed near to the lens (151), and as the
curvature decreases, the focus is distantly formed from the
lens (151).

In other words, as the curvature decreases, the focal
length increase, and as the curvature increases, the focal
length decreases. For example, as illustrated in FIG. 1, when
configuration is made in such a manner that focal lengths are
increased as d1, d2, d3 toward negative direction of x axis,
a plurality of lenses (151) is arranged to an x axis direction,
and curvatures of each lens (151), e.g., a lens 11, a lens 12,
and a lens 13 are made to decrease toward negative direction
of x axis.

When the inspection object (300) moves to x axis direc-
tion on an xy plane, the projection unit (100) may include a
plurality of lenses (151) arranged on the Xy plane. In order
to prevent the inspection object (300) from colliding with
the projection unit (100), z axis coordinate of the inspection
object (300) and projection unit (100) may be different on an
xyZ space. In this case, curvature of each lens (151) may be
mutually different in arrangement of each lens (151) along
the x axis direction, and the focal length may be also
changed due to the difference of curvature of each lens
(151).

According to this configuration, the light projected from
the projection unit (100) may form a focal length that is
lengthened to z axis when facing to one direction along x
axis as illustrated in FIG. 1. In other words, a plurality of
focuses formed by the projection unit (100) may have
mutually different coordinates on the z axis. When the
inspection object (300) is exposed to an environment formed
with the plurality of focuses through the projection unit
(100), curves on the surface of the inspection object (300)
can be inspected. This inspection may be performed by the
inspection unit (200).

The inspection unit (200) can inspect a surface of the
inspection object (300) using the light reflected from the
inspection object (300). When the light projected from the
project unit (100) is reflected from the inspection object
(300), and when the reflected light is projected to a prede-
termined position, a specific shape appears. Analysis of the
specific shape can check whether the projected light is in
focus. If it is determined that the projected light is in focus,
a relevant focus length may be determined as a distance
between the projection unit (100) and the inspection object
(300).

The projection unit (100) is formed with a plurality of
focuses each having a different focus length to a z axis
direction, such that any one focus fl of the focuses is formed
on a surface of the inspection object (300). Of course, there
is a need of setting, by the inspection object (300), a focus
length within an estimated scope of curves.

In other words, the inspection unit (200) may grasp a
focus length of a relevant focus as a distance from the
inspection object (300), when the surface of the focus f1 of
light projected from the projection unit (100) matches the
surface of the inspection object (300). Furthermore, the
curve on the surface of the inspection object (300) can be
determined by the grasped distance.

For example, when the distance grasped by the inspection
unit (200) is constant across the inspection object, it can be
viewed that there is no curve on the surface of the inspection
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object (300), and when the grasped distance is not constant,
it can be viewed that there is a curve on the surface of the
inspection object (300). Furthermore, an abnormal position
can be grasped by checking, by the inspection object (300),
a portion (coordinate) where the distances are different.

Thus, in order to allow the inspection unit (200) to
reliably perform the inspection, there is a need to know a
portion of the inspection object (300) captured by a relevant
focus. It is assumed in the present specification that the
portion of the inspection object (300) where the focus is
formed is grasped by a separate means.

FIG. 2 is a schematic view illustrating a projection unit
(100) forming an inspection apparatus according to the
present invention, and FIG. 3 is a schematic view illustrating
another projection unit (100) forming an inspection unit
according to the present invention.

The projection unit (100) may include a light source (110)
configured to generate lights, and an MLA (Micro Lens
Array, 150) of first region formed with a plurality of lenses
(151) configured to generate focuses of lights by receiving
the lights generated by the light source (110).

The MLA (150) is a member formed by the plurality of
lenses (151), and when a light is incident on an input side,
a plurality of focuses may be formed through the lens (151)
at an output side. When an area formed by the MLA (150),
or areas of lenses (151) forming the MLLA (150) is defined
as a first region, an extension lens (160) may be used to
expand a size of the first region.

When the inspection object (300) moves to an X axis
direction in FIG. 1, and when the length of the inspection
object (300) is longer to a y axis direction (width of first
region) in the first region than (or exceeds) the length of y
axis direction (width of inspection object 300), the projec-
tion unit (100) may not move to scan the inspection object
(300) to the y axis direction. However, the width of the first
region may be smaller than the width of the inspection object
(300) depending on the size of the inspection object (300).

The extension lens (160) may expand, on a plane, a light
outputted from the ML A (150) to a second region lager than
the first region of the MLA (150). The width of the second
region may be more than the width of the inspection
object(300).

The width @ of the first region in FIG. 2 is smaller than
the width @ of the first region. In order to inspect the
inspection object (300) using the width @ of the first
region, the inspection object (300) and the projection unit
(100) must relatively move to the x axis, and also must
relative move to the y axis. However, when the extension
lens (160) is arranged between the MLA (150) and the
inspection object (300), the size of the first region, particu-
larly the width @ can be expanded over the width @ of
the inspection object (300). FIG. 2 illustrates that the width
of the second region is same as the width of the inspection
object (300).

The extension lens (160) may be formed with various
lenses. For example, the extension lens (160) may include a
telecentric lens. When the extension lens is formed with the
telecentric lens, an optical axis from the inspection object
(300) to the extension lens (160) can be straight, and may
inspect an object regardless of perspective values, stairs or
angles.

The telecentric lens may be formed in a size of the second
region, whereby the extension lens (160) may include an
auxiliary lens (170) configured to expand an output light
outputted in a size of the first region between the MLA (150)
and the telecentric lens to match an input terminal of the
telecentric lens.
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Referring to FIG. 2, all the curvatures of the lenses (151)
formed on the ML A are indicated in the same size, where the
curvatures of the lenses (151) may be same when the
inspection object and the MLA relatively move to the x axis
direction, as long as the curvature of the lens (151) is
different only to the x axis direction.

In other words, the curvatures of the lenses (151) arranged
on (X, y) position on the same x axis coordinate may be
mutually same. For example, when lenses are on x1~x5
coordinates on the x axis and y1~y17 coordinates on the y
axis, the curvatures of lenses (151) arranged on the (x1,
yD)~(x1, y17) coordinates may be same.

FIG. 4 is a schematic view illustrating another inspection
apparatus according to the present invention.

The inspection apparatus according to the present inven-
tion may include a light source (110), a first lens unit (120)
and a second lens unit. The light source (110) may generate
lights of same wavelength.

The first lens unit (120) may change an optical path of
light radially projected from the light source (110) to a
straight line. The lights generated from the light source (110)
may be diffused to all directions according to the physical
properties of lights and may have a radial projection angle.
The light radiated from the light source (110) by the first lens
unit (120) is propagated to a straight path to allow a path
conversion unit (140) or the second lens unit to use the light
easily.

The second lens unit may be provided with a plurality of
lenses (151) configured to form a focus of light outputted
from the first lens unit. For example, the second lens unit
may include the ML A (150) as discussed in the foregoing.
The second lens unit may relatively move to the x axis
direction relative to an inspection object arranged on a first
xy plane. The curvatures of each lens (151) forming the
second lens unit may be different each other, and a distance
of focus may be changed due to differences of curvatures.

An area formed by the focuses outputted from the second
lens unit is the first region as discussed in the foregoing,
where the first region may be same as the area of light
outputted from the path conversion unit (140).

The second lens unit may be arranged on a second xy
plane having a z value different from that of the first xy plane
in the xyz space. The light outputted from the first lens unit
must be incident on a direction perpendicular to the second
xy plane arranged with the second lens unit, where it may be
difficult to arrange the first lens unit to an appropriate
position thereto. As a measure to cope with the difficulty, the
inspection apparatus may include a path conversion unit
configured to project to the second lens unit the path of light
outputted from the first lens unit to a direction perpendicular
to the second xy plane.

A third lens unit may be arranged between the second lens
unit and the inspection object (300). The third lens unit may
increase a distance of each focus formed by the second lens
unit on the xy plane. The third lens unit may include the
extension lens (160) as discussed in the foregoing.

FIG. 5 is a schematic view illustrating an area of light
projected to an inspection object (300) by an inspection
apparatus according to the present invention.

Referring to FIG. 5, it can be noted that distances d2x, d2y
of focuses included in the second region are greater than
distances d1x, dly included in the first region (a), whereby
a coordinate of the focus f1 formed by the second lens unit
may differ from a coordinate of focus {2 formed in response
thereto by the third lens unit. Furthermore, an area of the
second region grows larger than an area of the first region.
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The size of the second region at this time may be
determined by the width of the inspection object (300).
Although resolution deteriorates as the distances of each
focus is increased by the third lens unit, there may be
generated no particular problems as long as more focuses are
formed. Of course, it should be apparent that the number of
lenses (151) forming the second lens unit must be appro-
priately increased in response thereto.

Referring to FIG. 4 again, the inspection apparatus
according to the present invention may include an inspection
unit (200).

The inspection unit (200) may grasp a distance from the
path conversion unit (140) or from the surface of the second
lens unit and the inspection object (300) by receiving a light
reflected from the inspection object (300). The inspection
unit (200) can grasp the curve on the surface using the
distance thus grasped.

Meantime, the path conversion unit (140) may project a
light reflected from the inspection object (300) to the inspec-
tion unit (200) by receiving the light. In this case, the path
conversion unit (140) may be an optical means configured to
output the light inputted from the first direction (e.g., light
source side) to the second direction, and to output the light
inputted from the second direction (e.g., inspection object)
to a third direction.

A projection lens (180) configured to project a light
outputted from the path conversion unit (140) to the inspec-
tion unit (200) may be interposed between the path conver-
sion unit (140) and the inspection unit (200).

The inspection apparatus according to the present inven-
tion thus described can inspect the curves of the inspection
object (300) by forming a focus having mutually different
coordinates to the z direction by using a curvature of the lens
(151), and moving the inspection object (300) within a focus
scope to the z axis direction, and by grasping a focus length
of focus matching to the surface of the inspection object
(300).

To wrap up, the inspection apparatus according to the
present invention as the MLLA (150) may include a lens unit
on which a light incident on the first surface can be outputted
to the second surface.

At this time, a plurality of lenses (151) each having a
different curvature may be formed on at least one of the first
surface and the second surface. As a result, a plurality of
focuses each having a different focus length can be gener-
ated, and the curves and bends of the inspection object (300)
can be inspected using the focus.

The configuration thus described can, reliably and at a
high speed, inspect the inspection object (300) at a reason-
able price and then some.

The above-mentioned inspection apparatus according to
the present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Thus, it is intended that
embodiments of the present invention may cover the modi-
fications and variations of this invention provided they come
within the scope of the appended claims and their equiva-
lents. While particular features or aspects may have been
disclosed with respect to several embodiments, such features
or aspects may be selectively combined with one or more
other features and/or aspects of other embodiments as may
be desired.
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The invention claimed is:

1. An inspection apparatus, the inspection apparatus com-
prising:

a projector configured to project a plurality of lights, each
having a different focal length relative to a surface of an
inspection object; and

an inspector configured to inspect a surface of the inspec-
tion object using the light reflected from the inspection
object, wherein the projector is provided with a plural-
ity of lenses configured to project the lights, and
curvature of each lens is different, and the focal length
is different due to the difference of the curvature,

wherein each lens is arranged on an xy plane, and the
inspection object moves to an x axial direction on the
xy plane, the curvature of each lens is different accord-
ing to an x axial direction on the arrangement of each
lens, and the focal length is differentiated by difference
of curvature,

wherein the projector includes a light source configured to
generate a light, and a MLLA (Micro Lens Array) of a
first region formed with a plurality of lenses configured
to generate a focus of the light, wherein the projector
includes an extension lens configured to expand the
light output from the ML A to a second region having a
greater area than the first region on a plane,

wherein the extension lens comprises a telecentric lens,

wherein an optical axis from the inspection object to the
extension lens is straight, and the inspection object is
inspected substantially regardless of perspective val-
ues, stairs, or angles of the inspection object.

2. An inspection apparatus, the inspection apparatus com-

prising:

a light source configured to generate lights of a substan-
tially same wavelength;

a first lens configured to change a path of light radially
projected from the light source to a straight line;

a second lens provided with a plurality of lenses config-
ured to form a focus of the light output from the first
lens and to be relatively moved to an x axis direction
relative to an inspection object arranged on a first xy
plane, wherein a curvature of each lens of the second
lens is different, and a focal length is differentiated by
the difference of the curvature; and,

a third lens including a telecentric lens configured to
receive the light and impinge the light on the inspection
object.

3. The inspection of claim 2, wherein the third lens is
arranged between the second lens and the inspection object
to increase, on the xy plane, a distance of each focus formed
at the second lens.

4. An inspection apparatus, the inspection apparatus com-
prising:

a micro lens array (MLA) configured to transmit a light
incident on a first surface thereof to a second surface
thereof, wherein a plurality of lenses, each having a
different curvature, is formed on at least one of the first
surface and the second surface; and,

an extention lens receiving the light from the second
surface of the ML A and configured to transmit the light
to impinge on an inspection object, wherein the exten-
sion lens includes a telecentric lens.
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